. In Egypt, rice is considered as one of the most important field crops, since it contributes about 20% of the total cereal consumption. Annually, more than one and half million feddans (1 feddan = 4200 m 2 )
are cultivated with rice, producing about 6.5 million tons of rice, with an average of 4.2 ton/ fed (10 ton/ ha) (Proceeding of 2006, Activities at RRTC) this average ranked the first among the rice producing countries in the world.
Drought is a major a biotic stress limiting rice production in the world, which about 30% of the world's rice producing areas suffer from moisture stress and water deficit, in both rainfed and irrigated areas about 18 million tons of rice valued at 650 million US$ is lost annually to drought (Pandey et al., 2005) . For this reason, breeding for drought tolerance is becoming of high priority in rice breeding program, especially under Egyptian conditions, the total water requirements for rice crop is a serious problem because of the limited irrigation water available from the River Nile.
Drought tolerance traits are greatly affected by environmental factors, and take a long time to recover. Thus, to overcome this problem, the traditional breeding methods and up to date breeding methodology such as tissue culture and genetic engineering are recommended.
Breeding for drought tolerance through conventional means is slow. Alternatively, secondary traits contributing to drought resistance could be selected through breeding for drought tolerance. However, phenotypic selection for several secondary traits is difficult. Therefore, this investigation aimed to estimate the genetic parameters and heterosis for some important traits and determine the relationships between some morphological characters and yield under normal and water limited conditions
MATERIALS AND METHODS
Six rice (Oryza sativa, L.) varieties were used. These varieties were; Giza 177, IET1444, Sakha 105, IRAT170, IR 64 and Azucena. Two of these varieties are Egyptian and Japonica type (Giza 177 and Sakha 105). The rest varieties were Indica type and introduced by International Network for Genetic Evaluation of Rice (INGER) . During summer of 2008, seeds of these varieties were cultivated at four periodical sowing dates, which were applied with 15 days intervals to synchronize the flowering time between these divergent parents at the farm of Rice Research and Training Center, Sakha, Kafr El-Sheikh, Egypt. After 30 days from sowing, seedlings were transplanted in the experimental field in three rows/entry with 5 m long. At the flowering period, bulk emasculation method was applied according to Jodon (1938) by using hot water (42-44C) for 10 min.). Direct cross was carried out between paired parents at flowering to produce three crosses (Giza 177 x IET1444), (Sakha 105 x IRAT170) and (IR 64 x AZUCENA). At maturity, the hybrid seeds were obtained.
In summer season of 2009, a part of the obtained hybrid seeds of the three crosses, was sown and the rest being saved to the next season to repeat the same procedure in summer season of 2011 (1 st may). Some of F 1 plants were selfpollinated and some others were backcrossed to both parents to obtained F 2 and backcross seeds of each cross. In summer season of 2010 (1 st may) the six populations, P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 for each cross were evaluated under three levels of irrigation in a randomized complete block design, with three replications in two years. Grain yield/plant (g): it was recorded as the weight of the individual plant grain yield and adjusted to 14% moisture content. Root length (cm) was determined as the length of the root from the base of the plant to the tip of the main axis of primary root, Root thickness (mm) was measured by microscope with micrometer slid, Metaxylum vessels number (MXN) /root: was measured by microscope with micrometer slid, Metaxylum vessels area (MXA)/root: was measured by microscope with micrometer slid.The following data for the root characters were taken at 60 days after sowing (at maximum tillering stage). Drought susceptibility index (DSI): was calculated for each genotype According to the formula given by Ali Dib et al. (1990) . The statistical analyses were performed according to Steel and Torrie (1980) . The genetically analyses were performed according to Gamble (1962) .
RESULTES AND DISCUSSION
The data obtained from the three irrigation levels and years for parental genotypes and their six populations were set up in a combined analysis of variances and the obtained results are presented in Tables (1, 2 , 3 and 4). The results showed highly significant mean squares for all studied traits, indicating the presence of real differences among genotypes. Furthermore, the variation due to irrigation levels and genotype x levels interaction were also highly significant for all traits except for flag leaf area. The results indicated the presence of significant differences among crosses for all studied traits in the three levels of irrigation. However, the results revealed that the presence of highly significant difference among populations within crosses as well as among populations within each cross with respect to all studied traits in three irrigation levels. Furthermore, years, crosses by years and populations within crosses by years in addition to population within each cross by years mean squares were significant in most of genotypes tested. This indicates that these genotypes gave different performances at different environmental conditions. These results are in agreement with the results obtained by Hammoud (2004) and Abd El-Maksoud et al. (2007) .
Since, these genotypes which included parents and their populations gave different performance with different irrigation levels for the studied traits. So, the combined data over the two years could be more precise to present information concerning the performance of these genotypes. Therefore, the means of six populations of each cross obtained from the combined data over two years and the obtained results are shown in Tables (5, 6 and 7). In spite of, significant differences were observed among most of parental varieties for studied traits, greatest mean values were observed in the second cross (Sakha 105 x IRAT 170) for flag leaf area (FLA), fertility% (Fert.%), grain yield/plant (GY/P), maximum root length (MRL), and metaxylm root vessels number (MXN) with means of 63.65, 95.85, 47.75, 35.68 and 7.16 , respectively and recorded the lowest values for leaf rolling score special in sever stress of drought with mean (1.53). In addition, lowest values of drought susceptibility index (DSI) were 0.266. These results are in agreement with the results obtained by Abd Allah (2009), Abdulmajed (2011) and Soliman (2012) .
Heterosis relative to mid-parents (M.P) and better parents (B.P), inbreeding depression (ID) and potence ratio (Pr) for all studied traits were estimated from the combined data over the two years (2010 and 2011) and the obtained results are presented in Table ( 8) . Concerning the results from combined data over both years, positive and highly significant heterosis over mid-parents were observed in the first cross (Giza 177 x IET 1444) for all studied traits at the three levels of irrigations except for fertility percentage and metaxylme root number. These values ranged from (9.27-24.16%) for leaf rolling, (24.73-39.96%) for flag leaf area, (13.79-37.19%) In addition, positive heterotic values relative to the high parent were observed in the first cross (Giza 177 x IET 1444) at most levels of irrigation in all studied traits except for metaxylme root vessels number. However the second cross exhibited positive and high significant heterotic values in most irrigation levels for some traits and the values ranged from 8.09% to 17.18% for flag leaf area and from 16.44% to 23.68% for grain yield/plant. In addition, positive heterotic values relative to high parent were observed in the third cross (IR64 x Azucena) for some studied traits. These values ranged between 7.32% and 20.56% for G.Y./P., and from 6.88% to 7.56% for MRL. These high significant values of heterosis may be due to the deferential between the couples of parents in each cross which we selected one parent Indica and other temperate Japonica and the major role to dominance effect for these studied traits. Similar results were previously obtained by El-Abd and Abd Allah (2002), Abdulmajed (2011) and El-Refaee and Abdulmajid (2011). Regarding inbreeding depression, positive values were associated with highly significant and positive heterosis relative to mid-and/or better parent with respect to most of studied traits at the three levels of irrigation in the three crosses. This is logic, since the expression of heterosis in F 1 hybrids will be followed by considerable reduction in the F 2 generation performances. The high level of heterosis and reduction due to inbreeding depression present in these cases were taken as evidence of the relative importance of dominance gene action in the genetic expression of the studied traits.
Significant heterosis and negative inbreeding depression were detected for leaf rolling in the first and third crosses. This observed discrepancy, where the presence of heterosis and absence of inbreeding depression may be due to the role of additive and additive by additive gene action and/or may be due to the presence of linkage between genes controlling these traits, with respect to these crosses. In this respect, Tarumoto (1974) reported that inbreeding depression in F 2 generation appeared largely in forage yield. Also, the results showed that potence ratio was positive or negative and more than unity at all studied crosses in all cases of levels of irrigation for some traits as flag leaf area, grain yield/plant and maximum root length, insuring again the role of over dominance in the genetic expression of these cases. While, other cases exhibited positive or negative values of potence ratio less than unity such as metaxylum root vessels number and leaf rolling at the first and second cross also fertility percentage for the first and second cross, root thickness and maximum root vessels area in the second and third cross. These results indicated partial dominance. Similar results were previously obtained by ElAbd and Abd Allah (2002) and Hammoud (2004) .
Genetic analysis of generation means to give estimate of additive (a), dominance (d) and the three epistatic effects (aa), (ad) and (dd) were obtained according to relationships illustrated by Gamble (1962) . The gene effects using the population means of the three crosses for studied traits through the three levels of irrigation in the data combined over two years 2010 and 2011, are presented in Tables (9 and 10 ). The values of F 2 mean (m) were highly significant in all the studied traits at the three levels of irrigation in all studied crosses. The studied crosses affected by several types of gene action for all studied traits. Additive gene action (a) was highly significant for leaf rolling and fertility percentage at most of irrigation levels in the first cross (G177 x IET1444). Also, similar results for third cross (IR64 x Azucena) which additive values were highly significant for leaf rolling and fertility percentage at most of levels. In addition, other types of gene effects were highly significant for some cases but less than additive gene effect for all the three studied crosses.
Dominance gene action (d) was highly significant for flag leaf area (levels A and B) and grain yield/plant under the three irrigation levels in first cross (G177 x IET1444). However, high significant values were observed in the second cross (Sakha 105 x IRAT170) for flag leaf area (levels A and B) and grain yield/plant and all levels for fertility percentage. Also, dominance gene action was highly significant for flag leaf area (levels A and C) and grain yield/plant at all levels and B and C levels for fertility percentage. Types of epistatic gene action played important role in the inheritance for these traits such as additive x dominance (ad) and dominance x dominance (dd).
The results of type of gene action for studied root traits at the three irrigation levels and their combined data for the three studied crosses are shown in Table  ( 10) . The values of F 2 mean (m) were highly significant for all studied root traits at the three irrigation levels in all studied crosses. Regarding the cross number one (Giza 177 x IET1444), the results of additive gene action for studied root traits were high and highly significant additive gene effect for all studied root traits except for root thickness (C level), for metaxylem root vessels number (B and C) levels. In this cross other types of gene action were high and highly significant for all studied root traits except in some cases.
The second cross (Sakha 105 x IRAT 170) exhibited similar results for studied root traits and the values of (a) were significant and highly significant for all studied traits. Dominance gene action was highly significant for all studied traits in some cases in addition to (aa) and (dd) epistatic effect for root traits in this cross. Also, similar results of types of gene action were found in the third cross (IR62 x Azucena) which significant and highly significant additive values for all studied root traits except additive effect for maximum root length (levels C) and for metaxylum root number (level A). Other types of gene action, i.e. (d), (aa), (ad), and (dd) were significant and highly significant for some cases but the major effects were additive gene action.
In general, several types of gene action were significant in all crosses for all studied traits but the additive gene action played the major role of the genetic for leaf rolling, fertility%, maximum root length, root thickness, metaxylum root vessels number and metaxylum root vessels area. While, dominant gene action played the major role in the inheritance of flag leaf area and grain yield/plant.
The estimates of heritability in broad (H b ) and narrow sense (H n ), as well as dominance degree ratio for all studied traits were also obtained from the combined data over the two seasons in the three irrigation levels and the results are presented in Table (11) . However, the estimated amount of (H b ) was higher than the corresponding values of heritability in narrow sense with respect to the three crosses for all studied traits. This finding was evidence about the importance of dominance genetic effect in the inheritance of these traits. Regarding the first cross (Giza 177 x IET 1444) the estimated values of heritability in broad sense for studied traits ranged from 67.20% for root thickness in A level to 98.13% for fertility% in A level also and ranged from 61.84% for leaf rolling at level A to 96.19% for flag leaf area level B in the second cross (Sakha 105 x IRAT 170) and from 62.80% for leaf rolling in level A to 95.26% for grain yield/plant at level A in the third cross (IR62 x Azucena). Low estimates of heritability in narrow sense were detected for all studied traits except for, fertility percentage, root thickness and metaxylum root vessels number and the dominance degree ratio ( 2 D/ 2 A) ½ was more than unity for all studied traits except for the some studied traits which recorded high values for H n.
Finally, we can concluded that these results of the three studied crosses had similar behavior for genetic expression for the studied traits in the data combined over two years at the three levels of irrigation. The results also showed the important role of additive and dominance gene action in the genetic expression of the studied traits with different levels of contributions. This finding could be emphasized by dominance degree ratio for all studied traits.
The genotypic and phenotypic correlations between each pair of studied traits were made for three crosses. Subsequently, the genotypic and phenotypic correlations among all studied traits were estimated and the obtained results are shown in Table ( 12) . The estimates of genotypic and phenotypic correlation were calculated between all studied pairs of traits combined over the two years under the third level of irrigation (C). The results revealed highly significant positive genotypic and phenotypic correlations between flag leaf area and each of grain yield/plant, and all studied root traits and between grain yield/plant and each of maximum root length and metaxylum root vessels area. Concerning to genotypic and phenotypic correlation among root traits, negative high correlation observed between leaf rolling and each of flag leaf area, metaxylem root vessels number and metaxylem root vessels area. In general, the coefficients of genotypic correlation were larger in magnitudes than the corresponding values of phenotypic correlations indicating that these pairs of traits are strongly genetically associated to each other. Therefore, the selection for one of these traits will be associated with the improvement of the other traits during the selection program. From the above mentioned results, it could be concluded that yield ability under drought stress could be achieved through selection for i.e. FLA, MRL and M x A.
SUMMARY
This investigation aimed to evaluate some genotypes of rice (Oryza sativa L.) under different irrigation conditions in order to study their genetic behavior to assess their drought tolerance. The genetic materials used in this investigation were six parental varieties and their six populations (P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 ) for three crosses were obtained from crossing among them. These populations were evaluated during 2010 and 2011 seasons at the Rice Research and Training Center, Sakha, Kafr El-Sheikh, Egypt. The parental varieties were Giza 177, IRAT1444, Sakha 105, IRAT 170, IR 64 and Azucena. The irrigation applied were two levels of flash irrigation, the first level was irrigation every 8 days and the second was irrigation every 12 days as well as control (irrigation every 4 days). The obtained results revealed that genotypic mean squares were highly significant for all studied traits, indicating the presence of real differences among genotypes. Furthermore, the variation due to irrigation levels and genotype x levels interaction were also highly significant for all traits except for flag leaf area. The results indicated the presence of significant differences among crosses for all studied traits under the three levels of irrigation. However, the results also revealed the presence of a highly significant difference among populations within crosses as well as among populations within each cross for all studied traits under the three irrigation levels, indicating that these genotypes gave different performances under different irrigation conditions. The second cross (Sakha 105 x IRAT 170) was the best combination, which recorded the highest values for most of the studied traits except for leaf rolling score and drought susceptibility index (DSI). The second and third crosses exhibited highly significant (MP) heterotic values for most of the studied traits except for fertility percentage. Positive inbreeding depression values were associated with high significant positive heterosis, indicating the role of dominance genes in the genetic expression of these traits. This fact is emphasized by high values of heritability in broad sense with low values of heritability in narrow sense for most of the studied traits. Positive and highly significant genotypic and phenotypic correlations were found between yield and flag leaf area and all studied root traits under drought conditions. Therefore, the hybrid rice breeding programs should be taken these traits in consideration for improving yield and its components under drought stress. Note: * and ** significant at 0.05 and 0.01 levels of probability, respectively. Abbreviations: LR, Leaf rolling; FLA, Flag leaf area; Fert.%, Fertility percentage; GY/P, Grain yield/Plant; MRL, Maximum root length; RT, Root thickness; MRN, Metaxylum root number; MRA, Metaxylum root area. A: irrigation every 4 days (control) B: irrigation every 8 days (stress 1) C: irrigation every 12days (stress 2). Note: * and ** significant at 0.05 and 0.01 levels of probability, respectively. Abbreviations: LR, Leaf rolling; FLA, Flag leaf area; Fert.%, Fertility percentage; GY/P, Grain yield/Plant; MRL, Maximum root length; RT, Root thickness; MRN, Metaxylum root number; MRA, Metaxylum root area. A: irrigation every 4 days (control) B : irrigation every 8 days (stress 1) C : irrigation every 12days (stress 2). Note: * and ** significant at 0.05 and 0.01 levels of probability, respectively. Abbreviations: LR, Leaf rolling; FLA, Flag leaf area; Fert.%, Fertility percentage; GY/P, Grain yield/Plant; MRL, Maximum root length; RT, Root thickness; MRN, Metaxylum root number; MRA, Metaxylum root area. A: irrigation every 4 days (control) B : irrigation every 8 days (stress 1) C : irrigation every 12days (stress 2). 
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